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Evaluation of pyraclostrobin and acibenzolar-S-methyl on common 
bacterial blight of snap bean

Avaliação de pyraclostrobin e acibenzolar-S-methyl sobre o 
crestamento bacteriano comum do feijão-vagem

Sandra Cristina Vigo1; Antonio Carlos Maringoni2*; 
Renata de Cássia Camara3; Giuseppina Pace Pereira Lima4

Abstract

Assays were done under greenhouse conditions in order to evaluate the effect of pyraclostrobin (0.0375, 
0.0750 and 0.150 mL.L-1) and acibenzolar-S-methyl (ASM) (0.025 g.L-1) in common bacterial blight 
on leaves of snap beans cultivar Bragança. These chemicals were sprayed at three different times: 
¿ve days before; ¿ve days before + ¿ve days after; and ¿ve days after leaf inoculation with an isolate 
of Xanthomonas axonopodis pv. phaseoli. They were determinate the levels of polyphenoloxidase, 
peroxidase and total soluble proteins on inoculated and non-inoculated leaves of snap beans sprayed 
with pyraclostrobin (0.075 g.L-1) and ASM (0.025 g.L-1). All concentration of pyraclostrobin and 
ASM reduced the area under the disease progress curve (AUDPC) on leaves of snap beans, and the 
least AUDPC value was observed when this products were sprayed ¿ve days before + ¿ve days after 
inoculation. Higher levels of polyphenoloxidase, peroxidase and the total soluble proteins were observed 
on leaves sprayed with pyraclostrobin or ASM.
Key words: Phaseolus vulgaris, Xanthomonas axonopodis pv. phaseoli, protein

Resumo

Ensaios foram conduzidos sob condições de casa-de-vegetação para avaliar o efeito de pyraclostrobin 
(0,0375; 0.0750 e 0,150 mL.L-1) e acibenzolar-S-methyl (ASM) (0.025 g.L-1) sobre o crestamento 
bacteriano comum em folhas de feijão-vagem cultivar Bragança. Os produtos foram pulverizados 
em três diferentes períodos: cinco dias antes, cinco dias antes + cinco dias após e cinco dias após a 
inoculação dos folíolos com um isolado de Xanthomonas axonopodis pv. phaseoli. Foram determinados 
os teores de polifenoloxidase, peroxidase e proteínas solúveis totais em folhas inoculadas e não-
inoculadas de feijão-vagem pulverizadas com pyraclostrobin (0,075 g.L-1) e ASM (0,025 g.L-1). Todas 
as concentrações de pyraclostrobin e ASM reduziram os valores da área abaixo da curva do progresso 
da doença (AUPDC) e o menor valor da AUPDC foi observado para a aplicação dos produtos cinco dias 
antes + cinco dias após a inoculação. Altos teores de polifenoloxidase, peroxidase e proteínas solúveis 
totais foram observados nas folhas pulverizadas com pyraclostobin e ASM.
Palavras-chave: Phaseolus vulgaris, Xanthomonas axonopodis pv. phaseoli, proteína
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Introduction

Common bean bacterial blight, caused by 
Xanthomonas axonopodis pv. phaseoli, has great 
importance to common beans given its presence in 
almost production regions of Brazil. The symptoms 
occur all over the aerial part of the plant, affecting 
leaves, stems, snaps and seeds (BIANCHINI et al., 
2005).

Induction of resistance has been under 
study for bacterial pathogen control since the 
chemical control is considered still unreliable. 
It involves the activation of plant latent defense 
mechanisms in response to treatment with biotic 
agents like viable or inactivated microorganisms 
(STANGARLIN; PASCHOLATI, 1994) or abiotics 
like aminobutyric acid, 2,6-dichloroisonicotinic 
acid and benzothiadiazoles (HALFELD-VIEIRA et 
al., 2006).

Plant resistance to pathogens can be and have been 
obtained from the application of synthetic chemical 
products on the plants. Induction of resistance has 
shown considerable progress after the development 
of acibenzolar-S-methyl. Since then many products 
have appeared that exploit the activation capability 
of different plant defense mechanisms like chitosan, 
probenazole, Oxycom and harpine among others 
(SOBRINHO; FERREIRA; CAVALCANTI, 2005).

Fungicides of the strobilurin group include a large 
variety of plant protecting synthetic compounds 
with a large spectrum of antifungal action. Studies 
have demonstrated evidence of the direct inÀuence 
of strobilurines on plant physiology (KÖEHLE et 
al., 2002). Those physiologic effects have indicated 
that pyraclostrobin may also increase the resistive 
capability of some plants against phytopathogens 
attacks (HERMS et al., 2002). 

This work had as goal to evaluate both the 
pyraclostrobin and acibenzolar-S-methyl for control 
of common bean bacterial blight and analysis of 
peroxidase, polyphenoloxidase, and total soluble 
proteins involved in resistance induction.

Materials and Methods

Effect of chemicals on common bean bacterial blight 

Plants of snap beans cultivar Bragança were 
obtained in pot (3 plants/pot), at greenhouse 
condition, and ten days after emergence their leaves 
were sprayed with pyraclostrobin (Comet®) at 
concentration active ingredient 0.0375, 0.075 and 
0,150 mL/L, and acibenzolar-S-methyl (Bion®) at 
active ingedient 0.025 g/L. The check treatment was 
represented by water. All products were sprayed 
at timing: ¿ve days before inoculation, ¿ve days 
before + ¿ve days after inoculation, and ¿ve days 
after inoculation. Primary leaves of plants were 
inoculated, 15 days after emergency, by multiple 
needles method (ANDRUS, 1948), with bacterial 
suspension at 108 UFC/mL of Xanthomonas 
axonopodis pv. phaseoli, strain (UFV-50), previous 
cultivated on nutrient-sucrose-agar, during 72 h, 
at 28oC. The experimental design was factorial 
randomized block (5 x 3) where 5 treatments (check, 
pyraclostrobin concentrations, and acibenzolar-S-
methyl) and three spray times, with ¿ve repetitions. 

The disease severity assessment on leaves was 
carried out 12, 15 and 18 days after inoculation 
using a disease severity notes (1 to 5), according 
Maringoni et al. (1993), computed the area under the 
disease progress curve – AUDPC (SCHNEIDER; 
WILLIAMS; SINCLAIR, 1976), and these values 
were submitted at variance analysis with statistical 
software package ASSISTAT (SILVA; AZEVEDO, 
2006).

Biochemical analysis

The leaves of snap bean cultivar Bragança 
were sprayed with pyraclostrobin (0.0750 mL.L-1), 
ASM (0.025 g.L-1), and water (control). A primary 
leaf was collected from each repetition of non-
inoculated as well as of inoculated plants at ¿ve 
times (concomitantly, three, ¿ve, eight and ten days 
after leaves sprayed). The experimental design was 
randomized with ¿ve repetitions. 
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After weighing, the leaves samples were packed 
and frozen in liquid nitrogen and then kept at a 
temperature of –20 °C. They were processed for 
analysis by being triturated in 5 mL of a 0.2M, 
pH 6.7 phosphate buffer at a temperature between 
0 °C and 4 °C. The resulting homogenized matter 
was centrifugated at 10,000, during 15 min, at 5 
oC, (peroxidase and total soluble proteins). For 
evaluation of polyphenoloxidase activity a 0.05M, 
pH 6.0 phosphate buffer was used in maceration. 
The supernatant was stored in glass Àaks and kept 
on a freezer at –20 °C to be used as extract for the 
analysis. 

The level of polyphenoloxidase was determined 
by method used by Cano et al. (1997), with 
modi¿cations. The reaction took place in water-
bath between 0.3 mL of stratum and 1.85 mL of a 
catechol solution (0.1 M pyrocatechol in a 0.05 M 
pH 6.0 phosphate buffer) for 30 min at 30 °C. It was 
interrupted after addition of 0.8 mL of perchloric 
acid at 5% (HClO4). The absorbance reading was 
carried out in a spectrophotometer with a 395 
nm reading. The level of polypehnoloxidase was 
computed to obtain A.U.g–1 fresh mass min-1. 

The level of peroxidase was determined by the 
reaction of the extracts with solutions A (20 mM 
of H2O2 + 0.2 M, pH 6.7 phosphate buffer) and B 
(4mM of aminoantipyrine in 10 mM of phenol) for 
5 min at 30 °C, the reaction being stopped with 2 mL 
of absolute ethyl alcohol immediately followed by 
spectrophotometric measurement at a wavelength 
of 505 nm (LIMA, 1994). The level of peroxidase 
was computed to obtain mMol H2O2 decomposed g-1

fresh mass min-1. 

The level of total soluble proteins was determinate 
by Bradford (1976) method by means of a reaction 
between an aliquot of the vegetal extract and 5 
mL of the Bradford reactive (100 mg of Brilliant 
Blue G + 50 mL of 95% ethanol + 100 mL of 85% 
H3PO4 + distilled water q.s.p. 1 L) for 5 minutes, 

followed by absorbance spectrophotometric reading 
at a wavelength of 595 nm. Values obtained from 
that reading were replaced in the equation of the 
effectiveness curve (with casein as reference) and 
expressed in mg protein g-1 fresh mass. 

Results and Discussion

Regarding concentrations of both pyraclostrobin 
and ASM used in greenhouse assays to common 
bacterial blight, it was observed a reduction of 
AUDPC in plants treated with those products (Table 
1). And regarding the three product application 
times, it was possible to observe that the least 
AUDPC occurred with two of those applications, 
¿ve days before + ¿ve days after inoculation 
(Table 1). It was also observed that there was no 
statistical difference among AUDPC values for 
the different pyraclostrobin concentrations used. 
The pyraclostrobin dose 0.0750 mL.L-1 is indicated 
for control of anthracnose on dry bean, in Brazil 
(AGROFIT, 2008). ASM and pyraclostrobin action 
was due to physiological resistance activators, since 
there has been no direct action of these products 
to inhibition of in vitro bacterial growth (data no 
showed). 

Some researches have evaluated the action of 
ASM and pyraclostrobin in the defense of plants 
against bacteria. Herms et al. (2002) demonstrated 
that pyraclostrobin increased tobacco resistance to 
Tobacco mosaic virus and Pseudomonas syringae 
pv. tabaci. They observed accumulation of salicylic 
acid and of PR-1 proteins at tissues of tobacco 
treated with pyraclostrobin. Kuhn (2007) observed 
that ASM reduced the symptoms of common 
bacterial blight on dry beans. However, Soares and 
Maringoni (2002) did not ¿nd any protection when 
of seed and leaves of dry bean were treated with 
ASM on control of bacterial wilt (Curtobacterium 
Àaccumfaciens pv. Àaccumfaciens).
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Table 1. Area under the disease progress curve (AUPDC) of common bacterial blight in snap beans leaves submitted 
to different treatments.

Spray time
Treatment 5 days before 5 days before + 5 days after Mean

inoculation 5 days after 
inoculation inoculation

Control (water) 29.73 29.28 29.25 29.42 a*

Pyraclostrobin 0.0375 mL.L-1 27.27 25.59 27.24 26.70 b
Pyraclostrobin 0.075 mL.L-1 26.55 26.91 27.66 27.04 b
Pyraclostrobin 0.150 mL.L-1 26.88 25.02 28.68 26.86 b
ASM 0.025 g L-1 26.76 26.94 27.18 26.96 b
Mean   27.44 ab 26.75 b   28.00 a
CV (%) 5,25

* Means followed by the same letters do not differ signi¿cantly by the Tukey test at 5% probability.
Source: Elaboration of the authors.

In an assay involving polyphenoloxidase 
levels, plants treated with ASM and pyraclostrobin 
presented an enzyme production peak on the 5th

day after application, however pyraclostrobin 
presented induction already from the 3rd day after 
application and remained higher than the witness 
until the 10th day. Bacteria inoculation at the 5th

day after treatment with the products did not cause 
changes in the enzyme production on the plant, 
including control treatment (Figure 1). This agrees 
with Campos et al. (2004) who did not observe any 
difference in the activity of polyphenoloxidase on 
dry bean cultivar AB 136 (anthracnose resistant), 
after inoculation with the challenging fungus 
Colletotrichum lindemuthianum.

Li e Steffens (2002) studied the importance 
of polyphenoloxidase in the defense response of 
transgenic tomato plants which showed high levels 
of that enzyme. After plants were inoculated with 
Pseudomonas syringae pv. tomato, they showed 
few lesions on leaves as compared to controls, at 
the 7th day after inoculation. Polyphenoloxidase 
catalyzes the oxidation of phenols to quinones 
in the presence of oxygen. The expression of that 
enzyme may act as an additional line of defense in 
the protection of plants against pathogen and insect 
attack (THIPYAPONG; HUNT; STEFFENS, 1995). 

As for peroxidase (Figure 2), a production peak 
occurred for treatments with ASM and pyraclostrobin 
on the 8th and 5th days respectively, the largest level 
of that enzyme being found in the treatment with 
pyraclostrobin. There was no difference by bacterial 
inoculation on the 5th day after treatment with the 
products but just a small increase in the plants 
treated with ASM and inoculated with the bacteria 
being seen. These results can be seen also for the 
total soluble proteins, indicating enzymatic activity 
for the plants treated with ASM and pyraclostrobin 
as compared to the control. 

Peroxidase are important plant enzymes and 
is part of many reactions like polysaccharide 
chains, indol-3-acetic acid oxidation, monomer 
chains, ligni¿cation, wound cicatrization, phenol 
oxidation, pathogen defense, cell elongation 
regulation and other (KAO, 2003). Peroxidase and 
polyphenoloxidase lead the oxidizing degradation 
of phenolic compounds near the point of cellular 
decompartmentalization caused by pathogens. One 
of the most studied results of this phenomenon is the 
appearance of dark substances from the oxidizing 
polymerization of quinone (BINDSCHEDLER et 
al., 2002).
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Figure 1. Level of polyphenoloxidase on leaves of snap beans cultivar Bragança sprayed with water (control), 
pyraclostrobin (0.075 mL.L-1) and acibenzolar-S-methyl (0.025 g.L-1) in plants non-inoculated (A) or inoculated (B) 
with Xanthomonas axonopodis pv. phaseoli. The bars show means ± standard error.

Source: Elaboration of the authors.

Figure 2. Level of peroxidase on leaves of snap beans cultivar Bragança spayed with water (control), pyraclostrobin 
(0.075 mL.L-1) and acibenzolar-S-methyl (0.025 g.L-1) in plants non-inoculated (A) or inoculated (B) with Xanthomonas 
axonopodis pv. phaseoli. The bars show means ± standard error.

Source: Elaboration of the authors.

Cavalcanti et al. (2006) demonstrated the 
participation of peroxidases and oxidases of phenols 
in the resistance induced on tomato to Xanthomonas 
vesicatoria after ASM or Ecolife® sprayed. An 
increase in the activity of those enzymes soon after 
the ¿rst hours after spraying was noticed with the 
greatest activity occurring ¿ve days after pathogen 
inoculation. In the assessment of the resistance to 
anthracnose of four dry beans cultivars sprayed with 
salicylic acid or an inducting fungus, Campos et al.
(2004) evaluated peroxidase and polyphenoloxidase 
activity of the plants treated, ¿ve days after pathogen 
inoculation, and veri¿ed an increase in the activity 
of those enzymes in the treatments with salicylic 
acid for all cultivars. 

With respect to the level of soluble protein, an 
increase took place at the 3rd day after treatments 
with production peaks at the 5th and 8th days after 
treatment, being that the inoculation factor at the 5th

day with these products did not cause a larger protein 
production (Figure 3). Silva, Pascholati and Bedendo 
(2007), in a bioassay conducted on the pathosystem 
eggplant and Ralstonia solanacearum, saw an 
increase in the quantity of protein in the treatment 
with ASM and inoculated from the third to the 12nd

days after the treatment. Our results showed that 
pyraclostrobin and ASM had some effect on control 
of common bacterial blight and increase the levels 
of polyphenoloxidade, peroxidase and total soluble 
protein on leaves of snap beans cultivar Bragança.
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Figure 3. Level of total soluble proteins on leaves of snap beans cultivar Bragança sprayed with water (control), 
pyraclostrobin (0.075 mL.L-1) and acibenzolar-S-methyl (0.025 g.L-1) in plants non-inoculated (A) or inoculated (B) 
with Xanthomonas axonopodis pv. phaseoli. The bars show means ± standard error.

Source: Elaboration of the authors.

Conclusions

Pyraclostrobin and ASM reduced the area under 
the disease progress curve (AUDPC) of common 
bacterial blight on snap beans cultivar Bragança 
and higher levels of polyphenoloxidase, peroxidase 
and total soluble proteins were observed on leaves 
sprayed with pyraclostrobin or ASM.
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